Three halophilic archaeal strains, MH1-34-1 T , MH1-16-1 and MH1-224-5 were isolated from commercial salt samples produced from seawater in Indonesia, the Philippines and Japan, respectively. Cells of the three strains were pleomorphic and stained Gram-negative. Strain MH1-34-1 T was orange-red pigmented, while MH1-16-1 and MH1-224-5 were pink-pigmented.
phylogenetic analyses, it is proposed that the isolates should represent a novel species of the genus Halarchaeum, for which the name Halarchaeum salinum sp. nov. is proposed. The type strain is MH1-34-1 T (5JCM 16330 T 5CECT 7574 T ).
Many haloarchaeal strains grow well at neutral to slightly alkaline pH, and alkaliphilic haloarchaea have also been isolated from various sources. Recently, Minegishi et al. (2008) showed the presence of moderately acidophilic haloarchaeal strains in many solar salt samples. They isolated more than 50 strains capable of growth in a medium adjusted to pH 4.5, from 28 out of 240 commercially available salt samples. Most strains grew at pH range of 4.5-6.0, and none of them showed growth at pH higher than 6.5. As judged from partial (about 500 bp, corresponding to nucleotides 21-520 of Halobacterium salinarum DSM 3754 T ) 16S rRNA gene sequences, they formed four clusters consisting of four to 25 strains. Strain MH1-52-1, a representative of the most acidophilic strains was classified as Halarchaeum acidiphilum gen. nov., sp. nov. (Minegishi et al., 2010) . Unfortunately most of the isolates died during storage for a year, except for strain MH1-34-1
T and a few others. In this study we repeated the isolation of acidophilic haloarchaeal strains using the same medium as Minegishi et al. (2008) , and obtained 28 strains capable of growth at pH 4.5 from 583 salt samples. Full-length 16S rRNA gene sequences of the 28 strains showed that two isolates, MH1-16-1 and MH1-224-5, were almost identical to strain MH1-34-1 T . In the present study, we report on the phenotypic and 4 , pH adjusted to 4.0 with HCl. The medium was autoclaved for 20 min at 121 u C. The pH of the medium was not changed by autoclaving. After incubation for 2-4 weeks at 37 u C, colonies were picked up and transferred to new plates. Strains were purified by repeated streaking, and 16S rRNA gene sequences were determined according to the protocol of Minegishi et al. (2012) . Three strains selected for further study, MH1-34-1 T , MH1-16-1 and MH1-224-5, were isolated from commercial salt samples from seawater from Indonesia (solar salt), Philippines (solar salt) and Japan (salt produced by boiling concentrated sea water), respectively.
Phenotypic tests were performed according to the protocols of Minegishi et al. (2010) and Oren et al., (1997) . The analyses were conducted using liquid or solidified MH1 medium at 37 u C. Colony morphology was observed on agar medium. Gram-staining was performed according to the protocol of Dussault (1955) . Cell morphology and motility were examined using phase-contrast microscopy (BX53F, Olympus). Cells of strains MH1-34-1 T , MH1-16-1 and MH1-224-5 were non-motile and pleomorphic, approximately 0.5-1.1 mm in diameter when grown in the MH1 medium. The cells stained Gram-negative. Colonies of MH1-34-1 T were orange to red pigmented, while MH1-16-1 and MH1-224-5 were pink pigmented. Strain MH1-34-1 T was able to grow at 12-30 % (w/v) NaCl [optimum, 18 %, (w/v)] at pH 4.5-7.2 (optimum, pH 5.2-5.5) and at 15-45 u C (optimum, 42 u C). Final pH after growth was the same as that before inoculation. Strain MH1-16-1 was able to grow at 16-27 % (w/v) NaCl [optimum, 24 %, (w/v)] at pH 4.5-6.5 (optimum, pH 5.5) and at 15-50 u C (optimum, 45 u C). Strain MH1-224-5 was able to grow at 15-30 % (w/v) NaCl [optimum, 21 %, (w/ v)] at pH 4.5-6.5 (optimum, pH 5.0) and 15-45 u C (optimum, 40 u C). The three strains required at least 1 mM Mg 2+ for growth. Cells of all strains did not lyse when suspended in distilled water, but they died immediately, as judged from the fact that no colonies appeared at all when one drop of the cell suspension was spread on MH1 agar plates and incubated for two weeks.
Tests for catalase and oxidase activities and for the hydrolysis of starch, gelatin, casein and Tween 80 were performed as described by Gonzalez et al. (1978) . Reduction of nitrate was detected by using the sulfanilic acid and a-naphthylamine reagent (Smibert & Krieg, 1994) . H 2 S formation was determined by the black sulfide precipitate in the medium containing 0.5 % (w/v) sodium subsulfite. Indole production from tryptophan and the utilization of sugars and organic acids were assessed as described by Oren et al. (1997) . The three strains did not hydrolyse starch, gelatin, Tween 80 and casein. Strain MH1-34-1 T did not hydrolyse urea, but MH1-16-1 and MH1-224-5 hydrolysed urea. The strains produced indole from tryptophan but did not produce H 2 S from thiosulfate. Utilization of carbon sources for growth was determined in a modified MH1 liquid medium which contained 0.1 % Casamino acids (Difco) and 0.5 % carbon sources. Yeast extract (Difco), L-glutamic acid and trisodium citrate were omitted. Results are shown in Table S1 , available in IJSEM online. Sensitivity to antimicrobial agents was determined by using BD SensiDiscs (Becton Dickinson) or by the methods of Gutiérrez et al. (2008) on MH1 agar plates. Results are shown in the species description, Table 1 and Table. S1. Polar lipids were extracted from the cells with chloroform : methanol and developed on silica gel plates as described previously (Kamekura, 1993) . The major polar lipids of strains MH1-34-1 T , MH1-16-1 and MH1-224-5 were C 20 C 20 and C 20 C 25 archaeol derivatives of phosphatidylglycerol and phosphatidylglycerol phosphate methyl ester. The strains also contained at least two to four glycolipids that have yet to be identified (Fig. S1 ).
Total DNA was extracted by the method of Cline et al. (1989) . The 16S rRNA gene sequences were determined as described previously (Minegishi et al., 2012) , and relevant sequences retrieved from the DNA Data Bank of Japan (Miyazaki et al., 2003; Pearson & Lipman, 1988) were aligned using CLUSTAL_X 2.0.12 (Larkin et al., 2007) . The phylogenetic tree was reconstructed by the neighbourjoining (NJ) method (Saitou & Nei, 1987) and evaluated by bootstrap sampling, expressed per 1000 replicates (Felsenstein, 1985) . Maximum-likelihood (ML) analysis was performed with RAxML 7.0.4 using the general time reversible (GTR)+C model (Stamatakis et al., 2005) , and support values for ML tree was obtained by bootstrapping (1000 replicates) using CONSENSE in PHYLIP (Felsenstein, 2002) . The 16S rRNA gene sequence similarities amongst strains MH1-34-1 T (AB372514 ver.2, 1473 bp), MH1-16-1 (AB693106, 1473 bp) and MH1-224-5 (AB693105, 1474 bp) were 99.8-99.9 %, and the most closely related species with a validly published name was Halarchaeum acidiphilum MH1-52-1 T (AB371717, 1474 bp) with 98.4 % similarities. The phylogenetic position was also confirmed in trees generated using NJ and ML algorithms (Figs 1 and  S2) . The results suggested that three strains might represent a novel taxon.
The G+C contents of the total DNA of strains MH1-34-1 T , MH1-16-1 and MH1-224-5, determined by the HPLC method of Tamaoka & Komagata (1984) were 59.3, 60.8 and 61.0 mol%, respectively. DNA-DNA hybridization was assessed by using the fluorometric method of Ezaki et al. (1989) . The DNA-DNA hybridization values were 92 % and 89 % (reciprocally) between strains MH1-34-1 T and MH1-16-1, and 91 % and 89 % (reciprocally) between MH1-34-1 T and MH1-224-5, suggesting that these three strains should be classified within the same species. The relatedness values for strains MH1-34-1 T , MH1-16-1 and MH1-224-5 with Halarchaeum acidiphilum MH1-52-1 T were 55, 55 and 51 % and 51, 51 and 51 % reciprocally. These values were well below the threshold value of 70 % DNA-DNA relatedness generally accepted for the definition of a novel species (Wayne et al., 1987; Stackebrandt & Ebers, 2006) .
The phenotypic characteristics that were common amongst strains MH1-34-1 T , MH1-16-1 and MH1-224-5 but differed from those of Halarchaeum acidiphilum MH1-52-1 T are summarized in Table 1 , while characteristics that differed amongst the three strains are shown in a supplementary Table. S1. The above phenotypic and phylogenetic characteristics indicated that strains MH1-34-1 T , MH1-16-1 and MH1-224-5 represent a novel species within the genus Halarchaeum, for which the name Halarchaeum salinum sp. nov. is proposed.
Description of Halarchaeum salinum sp. nov.
Halarchaeum salinum (sa.li9num. L. neut. adj. salinum salted, saline).
Cells are pleomorphic and approximately 0.5-1.1 mm in diameter. Colonies are approximately 0.8-1.0 mm in diameter, circular, smooth and orange-red or pink pigmented. Colonies are hard to pick up with a needle. Able to grow from 12-16 % to 27-30 % (w/v) NaCl, with optimum at 18-24 % NaCl (w/v), from pH 4.5 to pH 6.5-7.2, with optimum at pH 5.0-5.5 and from 15 u C to 45-50 u C, with optimum at 40-45 u C. Requires at least 1 mM Mg 2+ for growth. Cells are not lysed in distilled water, but die immediately. Catalase-and oxidase-negative. H 2 S is not produced from thiosulfate. Indole formation is negative. Does not reduce nitrate under aerobic conditions. Does not hydrolyse starch, gelatin, Tween 80, cellulose, mannan and casein. Capable of using sodium fumarate and sodium succinate as single carbon substrate. Lactose, maltose, Dmannitol, D-mannose, raffinose, ribitol, ribose, D-sorbitol, L-sorbose, trehalose, sodium acetate, sodium citrate, sodium a-ketoglutarate, sodium DL-lactate, sodium propionate, sodium pyruvate, L-alanine, L-arginine chloride and L-lysine chloride are not utilized as carbon sources. Sensitive to bacitracin, linezolid, novobiocin, pravastatin and rifampicin. Resistant to ampicillin, aphidicolin, aztreonam, cefoxitin, cephalothin, chloramphenicol, clindamycin, erythromycin, gentamicin, kanamycin, meropenem, nalidixic acid, neomycin, nystatin, piperacillin tazobactam, penicillin G, polymyxin B, simvastatin and streptomycin.
Characteristics that differ amongst the three strains are shown in Table S1 . The major polar lipids are archaeol derivatives of phosphatidylglycerol, phosphatidylglycerol phosphate methyl ester, derived from both C 20 C 20 and C 20 C 25 archaeol. Several unidentified glycolipids are present. The G+C contents of the strains DNA are 59.3-61.0 mol%.
The type strain is MH1-34-1 T (5JCM 16330 T 5CECT 7574 T ) isolated from solar salt produced in Sulawesi, Indonesia.
